This study investigated the effect of implementing the act of prohibition on sex trafficking (PST) on sexually transmitted disease (STD) infections among South Korean female sex workers (FSWs) working at prostitution blocks. Research data were collected twice through the Korean government-sanctioned survey for female sex workers (1 st wave = 1,083; 2 nd wave = 926). We examined the associations among health behavior, working conditions, and the effect of PST act via hierarchical logistic regression analyses using propensity score matching. After adjusted covariates, the risk probability was 0.288 times lower among FSWs who had remained in prostitute blocks after the PST act enforcement compared to FSWs who had worked before the PST. Similarly, the risk probability for a gonorrhea infection was 0.219 times lower among FSWs who had remained in prostitute blocks after the PST act compared to FSWs who had worked before the PST. Therefore, this study showed that, besides already known factors, the implementation and establishment of the PST Act was a strong factor that suppressed STD infections among FSWs.
Introduction
In 2005, South Korea implemented the Act of Prohibition on Sex Trafficking (PST Act). Before the legislation of this law, the nation had 270 thousand female sex workers (FSWs) working at approximately 45,400 brothels with prostitution industry amounting to 14 trillion won, i.e., 12.68 billion USD [1] . Prostitution in established locations is largely divided into two types. Establishments with full-time female sex workers (FSWs) mainly deal with sex trafficking. They are densely populated in red-light districts (RLDs). In these areas, FSWs maintain their livelihood exclusively through prostitution (3,600 FSWs working at approximately 1,400 brothels). In contrast, establishments that offer prostitution as a side-business mainly sell alcohol or massage services. They try to supplement their business by also offering prostitution (270,000 FSWs working at approximately 44,000 brothels). In the end, the country's illegal sex industry was immense. Approximately 1.07% of its total female population working in the sex industry, with prostitution reaching 1.7% of the gross domestic product (GDP) of South Korea [2] .
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In the nation's industrialization process after liberation from Japanese colonial rule , the sex industry lived off the South Korean society and grew as part of urban centers. Establishments with full-time FSWs exhibit typical and consistent sexual behaviors that differ from those of FSWs in situations where they directly or indirectly make contact with clients and form relationships not at a set location. Brothels are generally located at the periphery of busy downtown areas with a high volume of population movement. RLDs usually have about 10 to 50 brothels located in close proximity to each other. They solicit clients as a group. Each brothel usually houses about 2 to 10 FSWs who live with their pimps and stay there for a long time. However, with incidents such as the one where FSWs managed under confinement by brothel owners all lost their lives in a fire, adverse human rights circumstances and exploitation of these women became controversial starting from 2000. The PST Act was legislated as a result. The numbers of brothels and FSWs have been decreased by 1/3 and 1/5, respectively, over one decade since then (Lee & Lee 2010 ). However, the actual effectiveness of the PST Act on sexually transmitted diseases (STDs) among FSWs has not been reported.
In fact, the PST Act has given rise to countless ongoing controversies and arguments in diverse quarters of society not only in its legislation process, but also in its implementation process [3] [4] [5] [6] . One of the main reasons is that, since the implementation of this law, violations have not been properly controlled in many cases. Consequently, since 2009, the South Korean government has taken administrative measures by demolishing prostitution blocks and subjecting these areas to urban redevelopment [6] . In response, brothel owners and FSWs have staged mass demonstrations, citing their right to life, and vehemently resisted against demolition. At the same time, some FSWs, feeling threatened, have left prostitution blocks and chosen part-time prostitution which is even more difficult to control. This includes selling sex secondarily at karaoke bars and massage parlors or engaging in prostitution at venues such as "officetels" through social networking services (SNS). In other words, in South Korea, parttime FSWs commute to entertainment establishments from their own homes, serving alcohol at the table, and engage in sex trafficking at work. In contrast, full-time FSWs lodge at brothels, living together with other FSWs under the management of the brothel keepers for periods ranging from several months to several years.
Such resistance to the PST Act has given rise to two problems in terms of STD control. First, there has been the so-called balloon effect, i.e., while full-time FSWs at prostitution blocks have decreased, part-time FSWs have increased. Consequently, it is difficult to state conclusively that prostitution itself has been suppressed through the PST Act. Second, prostitution blocks have become illegal spaces in the confrontation between police and FSWs during their demolition, leading to interruption to medical checkups for STDs hitherto implemented on FSWs by the state. As a result, it has become even more difficult to calculate STD prevalence rates among FSWs. We investigated the effect of the implementation of the PST Act on STD infections among South Korean FSWs working at prostitution blocks. In particular, we examined the factors affecting STD infections among FSWs who had been working at prostitution blocks in 2008 before their demolition and those who continued to remain at prostitution blocks in 2014 even after the demolition by over that has been done for more than 50%. We explored whether the PST Act had contributed to the prevention of STD infections among full-time FSWs.
Methods

Study design
We conducted a comparative national survey on 16 
Sample
FSWs were recruited using a multistage stratified cluster random sampling method applied to time location sampling (TLS). TLS is appropriate for representative sex workers who are easily located at visible and designated sites. It has been used to sample sex workers who are accessible at public locations listed in a sampling frame [7, 8] . For this study, the 42 national RLDs listed by the Ministry of Gender Equality and Family were stratified according to city population and brothel size. A total of 16 areas were selected. Sample size determination was based on the assumption that the target FSW population was 4,500 which was reported in 2008 by the Korean Ministry of Gender Equality. Based on that estimate, the required sample size was 800 FSWs, assuming chlamydia prevalence of 30% with a precision of 2.5% [9, 10] .
Data collection
Research data were collected twice through the Korean government-sanctioned survey for female sex workers. The first survey was conducted in 2008 with 1083 respondents (1 st wave).
The second survey was conducted in 2014 survey with 926 respondents (2 nd wave). We recruited representative brothel owners of 24 sex work venues. They were identified in a nationwide economic survey of the sex industry in 2008 [9] . Sample size was calculated based on the estimation from the Gender Policy Research Institute report of 2008. Individual surveys were conducted through 15 minute interviews administered by a team consisting of a physician, two clinical pathologists, an individual with a master degree in public health, and a field director. Laboratory technicians obtained urine and blood samples from FSWs. Trained interviewers encouraged FSWs to answer the questionnaire on health status. Biological samples were obtained for the following tests: serum TP-PA test for T. pallidum and urine PCR test for N. gonorrhoeae presence. The total response rate for the two surveys was 92.0% for the 2008 survey and 93.4% for the 2014 survey. After manual reviewing the completed questionnaires, data were input via a double entry system. Urine samples were analyzed at a central laboratory with a commercial PCR kit (BDProbTecET, BD Diagnostic Systems). A pathologic test for clinical specimens was conducted at a community health center near each survey district and the Seoul Medical Science Institute, South Korea.
Measures
The measurement used for each study variable was based on those described in the abridged version of the Behavioral Surveillance Surveys, an internationally validated survey approach [11] . Dependent variables. With regard to STD infection, all participants currently infected with active syphilis and gonorrhoeae were included. Current infection was identified through clinical examinations. Past infection was identified by physicians through survey questioning conducted during participant examination. STD infection question responses were coded as '1' if pertinent results were positive or '0' if pertinent results were negative. Independent variables. Health-related characteristics: For smoking, we asked the following question: "How many cigarettes do you smoke a day?" We measured this item with a 5-point scale based on the frequency of smoking. Response options were collapsed into the following categories: two packs or more, one pack, half pack, half pack or less, or does not smoke. Physical health of FSW was measured by self-rated health (SRH) status. We asked the following questions: "In general, would you say your health is very good, good, average, poor, or very poor? Although such rating simplifies a complex issue, it has been used to reliably predict survival in populations even after taking into account other known health risk factors [12] . It has also been validated as a good predictor for morbidity and mortality [13] . Depression was assessed through asking the following question: "Have you ever experienced depression in the past month?" The response options were yes or no. To reduce social desirability bias, we used validity checks to measure internal consistency.
Sexual risk characteristics: Age at sexual initiation was determined by asking whether participants had their first sexual intercourse experience. We also measured sexual risk behaviors with the number of customers and the frequency of condom use with customers. The number of customers was determined by asking a closed-ended question, "How many customers did you have per day on average?" The frequency of condom use was assessed by asking the following question: "How often did you use condoms with your customers?" The answer was collapsed into the following categories: 'over 90%', '70%-90%', '50%-70%', or 'under 50%.' For analysis, the original scale was categorized. In addition, those who were previously infected and diagnosed with STD were included.
PST enforcement: The circumstances in 2008 before the manifestation of the effect of the PST Act were compared to those in 2014 when a considerable number of major prostitution blocks nationwide had been shut down and the control of illegal prostitution had taken roots through the implementation of the PST Act. For analysis, we recorded the year of 2008 as (0) and the year of 2014 as (1). They were entered into the regression model as a dummy variable.
Covariates. Sociodemographic covariates were selected based on their theoretically and empirically defined relationships with social determinants of STD infections [9, 14] . Age was divided into the following categories: < 19, 20-25, 26-30, 31-35, 36-40, and 41 years or older. Educational attainment was assessed using the following question: "What is the highest level of school that you have attended?" The response was categorized into 'elementary school', 'middle school', 'high school', and 'college or higher.' We also adjusted the recruitment region for the sample.
Statistical analyses
We created matched sets of treated and untreated participants using a predicted probability of a propensity score in order to minimize total within-pair difference [15] . We estimated the treatment effect, i.e., before and after the PST act, by comparing dependent variables between the treated group and the untreated group in the matched sample (n = 830). Statistical analyses procedure was as follows. First, we estimated the descriptive statistics of the survey participants' prevalence of active syphilis and Neisseria gonorrhoeae from the two national samples. Independent sample t-tests were used to examine the associations among individual factors and the time difference between 2008 and 2014. This method can be used when the effect of the independent variable on the dependent variable is influenced by covariates. Second, Mantel-Haenszel X 2 test allowing the comparison of two groups for a dichotomous/categorical response was used to compare the associations between STD infection and the time difference before and after the PST act. Third, we examined the associations among health behavior, working conditions, and the effect of the PST act via hierarchical logistic regression analyses.
We sequentially entered all study variables identified as significant factors by previous studies into the model [9] . To adjust for potential biases in recruitment, we weighted the data by inverse of the approximate probability of recruitment [16] . All statistical analyses were performed using STATA version 12 (STATA Corp, College Station, TX). Participant responses with missing values for key analysis variables were excluded using a pairwise method.
Ethics statement
The initial research (1 st wave) passed the institutional review board of Seoul National University Hospital in May 14th, 2008 (No: C-0801-047-232). Regarding 2 nd wave survey, ethics and governance approvals were awarded by the Institutional Review Board, Korea Centers for Disease Control and Prevention (January 22, 2014; 20140122). In order to protect vulnerable research subjects, actual site interviews and investigations were performed after receiving written informed consent from the participants. During the investigation process, absolutely no information that could identify individual respondents was collected.
Results
Comparison of social characteristics among two samples before and after the PST act Bivariate analyses of STD infections among two samples before and after the PST act
Results of bivariate analyses of STD infections are presented in Table 2 . Among the 2008 samples, 9.7% were syphilis-positive [95% confidence interval (CI): 8.0%-11.6%] and 2.5% were gonorrhoeae-positive (95% CI: 1.6%-3.6%). Among the 2014 samples, 2.6% were syphilis-positive (95% CI: 1.5%-3.7%) and 1.0% were gonorrhoeae-positive (95% CI: 0.3%-1.7%). Significant differences in STD infection experience (p < 0.05) and types of STD (syphilis, p < 0.001; gonorrhea, p < 0.01) were found between the samples before the PST act and the samples after the PST act.
Multivariable analyses of determinants of STD infections by enforcement of the PST act
The relationships between PST act enforcement and STD infections after adjusted for sociodemographic baseline factors including age, education, and recruitment region are shown in Tables 3 and 4 . As shown in the Table 3 , the probability of a syphilis infection was 2.040 times higher for FSWs who had STD infection experience (Model III; 95% CI: 1.312-3.173). However, the probability of a syphilis infection was 0.288 times lower among FSWs who had remained in prostitute blocks after the PST act enforcement compared to FSWs who had worked before the PAT (95% CI: 0.160-0.519). Similarly, the risk probability for an gonorrhea infection was 0.219 times lower among FSWs who had remained in prostitute blocks after the PST act compared to FSWs who had worked before the PAT (95% CI: 0.066-0.723). These results showed that the probability of STD infection was significantly associated with the effect of legal banning on prostitution and sex trafficking. However, there was no association among the likelihood of STD infection, working conditions, and health status of FSWs.
Discussion
STDs are contagious diseases. Their infection and transmission occur mainly through sexual contact. Policies and regulations on prostitution, which presuppose sexual intercourse, obviously can affect the spread of STDs. Because of the nature of their work, FSWs constitute a major mediating channel for STDs. They are vulnerable to STDs [17, 18] . Consequently, South Korea's legislation of the PST Act on prostitution [19] is expected to have a considerable effect on STD infections among FSWs. This study revealed that, through the implementation of the PST Act, STD infections among full-time FSWs in South Korea have changed over the past decade. First, STD prevalence rate among FSWs was decreased significantly in 2014 in comparison with that in 2008 before the manifestation of the effect of the PST Act. Prevalence rate of syphilis was decreased by 73% (from 9.7% in 2008 to 2.6% in 2014). The prevalence of gonorrhea was decreased by 60% (from 2.5% in 2008 to 1.0% in 2014). Second, after adjusting for covariates, the strongest factor that affected STD infections among FSWs was the introduction of the PST Act. Decreases in STD prevalence rates were affected not only by laws and institutions, but also by other personal and relational factors. However, the results of logistic regression in this study showed that, besides already known factors, the implementation and establishment of the PST Act was also a strong factor that suppressed STD infections among FSWs. After 2008, when a preliminary study was conducted nationwide, the PST Act raised the level of control and suppressed prostitutions throughout the society by phased demolition of prostitution blocks. Although some assessment have revealed that the PST Act's actual effectiveness is low, this law has served as a possible preventive factor on STD infections among FSWs.
However, new problems were discovered through this study as well. First, in comparison with the 2008 survey, the 2014 survey showed a new influx of young and highly educated women into prostitution blocks despite a considerable reduction in the number of FSWs. FSWs generally leave prostitution blocks as they get older [6] . The results of the 2014 survey showed that the average age of the respondents was nearly two years younger compared to that of respondents in the 2008 survey, indicating that there was a new influx of women into the prostitution industry. Furthermore, compared to respondents in 2008, the respondents in the 2014 survey smoked far more and received an average of 0.9 more sex clients per day. Consequently, while FSWs' STD infection rates were decreased, their health behavior and working environments seemed to have deteriorated further. This appeared to be a dilemma arising from the situation when prostitution was not eradicated completely. Consequently, change throughout the social structure is necessary to resolve the problem of STDs among FSWs at prostitution blocks fundamentally. For example, this can be achieved by controlling the supply and demand chain of prostitution by intensively managing prostitution procurers and male sex clients. This study has several limitations. First, the gatekeeper characteristics of different RLDs and sex-traffic establishments surveyed in our study were not assessed [20] . Gatekeepers are usually brothel owners. They can implement different tacit norms for condom use and the number of daily clients. Variation in these norms might have affected our results. Second, we did not cover all types of FSWs. Our sample was limited to full-time FSWs. Differences between full-time and part-time FSWs may produce different results [21] .
In the course of visiting prostitution blocks to study STDs among FSWs, one encounters the most vulnerable women in the society who can only make their livelihoods by selling sex. In nearly all cases, these women have been driven into prostitution by unemployment and destitution. The present study showed that the implementation of the PST Act contributed to the protection of these women's physical health, although its contribution might be small. However, the problem is that prostitution is still practiced at prostitution blocks even though ten years have passed since the implementation of a law categorically prohibiting it. Moreover, it is very difficult to estimate STD infection rates in the case of secret prostitution. Nevertheless, there is no possibility that South Korean society can revert back to the days before PST Act. Consequently, it is necessary to determine the benefits and limitations of the PST Act to control STDs among FSWs.
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